Sialodacryoadenitis (SDA) is a commonly-encountered coronaviral infection in laboratory rats that causes acute destruction of submandibular salivary glands. SDA results in depletion of salivary epidermal growth factor (EGF) and may thereby affect EGF-dependent cell growth processes. The purpose of this study was to determine the effects of SDA virus (SDAV) infection on the growth factor-dependent stages of experimental liver carcinogenesis. Rats were injected ip with the carcinogen diethylnitrosamine (DENA) at 1,2, or 3 weeks following inoculation with SDAV. Uninfected control rats were treated only with DENA. The salivary glands of SDAV-inoculated and control rats were stained using the immunoperoxidase method for the detection of EGF. Residual submandibular salivary gland lesions and focal depletion of EGF were still evident in affected submandibular glands for up to 42 days after SDAV infection. Serum EGF concentrations measured at 9, 28, and 42 days following SDAV inoculation were reduced, but were not significantly different in comparison with non-inoculated, DENA-treated control rats. Initiated hepatocytes were detected 2 1 days after DENA treatment in formalin-fixed sections by an immunoperoxidase stain for the P isoenzyme of the enzyme glutathione S-transferase (GST-P). There was no significant difference in the number of foci of GST-P positive cells in a comparison of initiated cells in SDAV-inoculated and non-inoculated rats. Based on this model, concurrent infection with SDAV does not appear to have any significant effects on the initial stages of chemical hepatocarcinogenesis in the rat.
I m R o D u c r I o N
The laboratory rat is used commonly as a model to test and screen various chemicals for potential carcinogenic properties. Hepatic carcinogenesis in the rat has been used as an in vivo model, and the processes of initiation, promotion, and tumor growth have been studied extensively (13, 17, 31). Many chemicals are known to cause the formation of preneoplastic or initiated hepatocytes (28) . Initiation occurs when hepatocytes have been stimulated to proliferate when their DNA is damaged, for example, following liver necrosis caused by diethylnitrosamine (34).
Sialodacryoadenitis virus (SDAV) is a coronavirus which is frequently present in conventional an-*Address correspondence to: Dr Thirty rats were'divided into 3 groups of 10 rats designated Group Al, Group B1, and Group C1. On Day 0, these rats were inoculated intranasally with a dose of SDAV known to cause clinical disease in susceptible animals (approximately 1 O3 median suckling mouse lethal infective doses in 0.05 ml of inoculum). SDAV-infected rats were placed in an isolation facility in the Department of Microbiology and Immunology, Ontario Veterinary College. Fifteen uninfected controls were divided into 3 groups of 5 rats, designated Groups A2, B2, and C2, and were housed in a separate facility. On Day 7, 10 of the SDA virus-infected rats (Group Al) and 5 normal rats (Group A2) were injected with 200 mg/kg body weight DENA ip ( Fig. 1) . Similarly, on Day 14 and Day 21, additional groups of 10 of the rats previously infected with SDA virus and 5 normal rats were injected with DENA. These were Groups B1 and B2 (Day 14) and Groups C1 and C2 (Day 2 1).
Another 15 rats were inoculated with SDAV on Day 0, divided into 2 groups of 10 and 5 rats, and designated Groups D1 and D2, respectively. These rats were housed in the isolation facility, Ontario Veterinary College. On Day 7, the 5 rats in Group D2 were injected with 200 mgkg body weight DENA ip. On Day 9, all rats in Group D1 and Group D2 were anesthetized with ether and a blood sample was collected by cardiac puncture for determination of SDAV antibody titre and serum EGF concentrations. The rats were then exsanguinated by severance of the abdominal aorta and vena cava. The liver and submandibular salivary glands were removed from each rat and fixed in 10% buffered formalin. At 21 days post-inoculation with DENA (Days 28, 35, and 42), rats from Groups Al/A2, Bl/B2, and C1/C2 were anesthetized with ether and a similar procedure was performed as described for Groups D1 and D2 (Fig. 1) .
Tissues from all rats were embedded in paraffin, sectioned at 6 pm, and stained with hematoxylin and eosin (H&E). Paraffin-embedded sections of liver were mounted on glass slides, coated with polyd-lysine hydrobromide, treated with 0.5% trypsin, and stained using the peroxidase-antiperoxidase (PAP) staining technique with primary anti-rat GST-P antibody (19) and appropriate reagents. The area of each liver section was determined using a computerized image analysis system (MOP-3, Carl Zeiss Inc., Toronto, Ontario), and the number of foci of hepatocytes/cm2 stained by the PAP technique was counted directly by light microscopy. Sections of paraffin-embedded submandibular salivary glands were stained using the PAP staining technique with primary rabbit anti-mouse EGF antibody (Collaborative Research, Bedford, MA) and appropriate reagents (1 6). Sections were categorized as having reduced EGF when there was a demonstrated reduction in staining in 1 or more ducts (GCT) per low power field. Qualitative examination af.submandibular salivary glands for the presence of EGF was done by light microscopy. Sera for anti-SDAV antibody detection were processed using the indirect immunofluorescent antibody technique (24) . In order to determine concentrations of EGF, sera samples were assayed in a commercial radioreceptor competitive binding assay kit using purified EGF receptors (EGFRs) from human A-43 1 cells and 1 2 9 -EGF (Biomedical Technologies Inc., Stoughton, MA). Serum levels of EGFR-binding ligands were expressed as equivalent concentrations of EGF (ngl ml). Not determined in.2 rats without lesions.
Statistical Analyses GST-P Positive Hepatocytes.
The means of GST-P positive foci/cm2 of the control group (Groups A2, B2, C2) were compared using a l-way analysis of variance. The control results were pooled because there was no significant difference among the controls. A similar analysis compared the pooled controls with the treatment groups (Groups Al, B1, and Cl).
Serum Epidermal Grow Factor. Serum EGF concentrations from rats at 9, 28, and 42 days postinoculation (pi) were compared with the results from non-inoculated DENA-treated controls using the protected least significant difference test.
RESULTS

Clinical Observations
Rats inoculated with SDAV exhibited clinical signs of mild upper respiratory tract infection, including sneezing and sniffing, beginning at approximately 2 days pi. Some of the rats exhibited unilateral or bilateral photophobia and blepharospasm. Non-inoculated control rats showed no evidence of upper respiratory tract infection throughout the duration ..of the study. At 24 hr post-treatment with DENA, rats exhibited lethargy and decreased food and water consumption for 1-3 days. Food and water consumption and weight gains were within normal limits at the end of the observation period for each group.
Gross Pathology
The rats in Groups D1 and D2 were killed at 9 days pi with SDAV, using the technique previously described in the methods section. At necropsy, there was a variable mild edema in the tissues surrounding the submandibular salivary glands. Affected submandibular salivary glands were enlarged, and there was mild pericapsular and interlobular edema. No lesions were observed at necropsy in uninoculated control rats and inoculated rats killed at 28, 35, or 42 days pi.
Histopathology and EGF Staining-Salivary Glands
Examination of paraffin-embedded H&E sections of submandibular salivary glands from uninfected control rats revealed the presence of normal acinar and ductal structures (Fig. 2) . Rats examined at 9, days pi with SDAV exhibited a variation in th; number of submandibular salivary glands affected (Table I) , as well as a variation in the severity of the lesions. There was marked effacement of the normal architecture in affected glands (Fig. 3) . Ductal epithelium varied from flattened and attenuated cells to squamous metaplasia. Many ducts were dilated and often contained leukocytes and cellular debris. Regenerating ductal epithelium was observed in all affected glands. There was a marked inflammatory cell infiltrate which consisted mainly of lymphocytes with occasional macrophages, plasma cells, and neutrophils. Increased numbers of mast cells were present throughout the affected parenchyma as well as fibrosis of periductal regions. PAPstained sections of normal control rats revealed dense staining for EGF present in epithelial cells of the granular convoluted tubules (GCT) of the submandibular salivary glands (Fig. 4) . Rats with histological evidence of infection with SDAV exhibited a decrease in the amount of EGF present in the cytoplasm of duct epithelial cells in the GCT segment of salivary glands compared to uninfected controls. A.reduction in EGF was most pronounced in the ;ats Ihlled 9 days after inoculation with SDAV ( Fig.  5) . Little or no EGF was present in the affected areas of submandibular salivary glands in these rats. Microscopic examination of the submandibular glands of rats killed 28, 35, or 42 days pi revealed a few scattered lesions. There were foci of mononuclear inflammatory cells, scattered mast cells, and evidence of ductal epithelium regeneration (Fig. 6) . Foci of EGF reduction were still evident in affected submandibular salivary glands of rats killed at 28, 35, or 42 days pi. The amount of reduction was related closely to the seventy of the residual lesions in these glands (Fig. 7) .
Histopathology-Livers
There was severe centrilobular hepatocellular necrosis with hemorrhage and a mononuclear inflammatory cell infiltrate in the Group D2 control rats killed 48 hr after DENA administration. The livers in the Group D1 control rats were normal histologically. The remaining rats in the study were killed 21 days after DENA administration. The hepatic architecture was essentially normal in these animals.
GST-P Stairiing
GST-P positive cells were observed singly ( Fig.  8) and in foci of several hepatocytes (Fig. 9) in liver sections stained for the presence of GST-P. Based on the statistical analysis, the difference in the number of GST-P positive foci present in the rats infected with SDAV compared to the uninfected controls was not significant (Fig. 10) . This result was consistent for all groups administered DENA at 7, 14, or 2 1 days after inoculation with SDAV. A total of 3 positive foci was observed in the control rats in Group D1 that were not administered DENA. 
Serology
Antibodies to SDAV were demonstrated in all inoculated rats tested as early as 9 days pi. Noninoculated rats were consistently negative for SDAV antibodies throughout the study.
Seriim Levels of EGF
Although there was a detectable reduction in the levels of serum EGF concentrations of SDAV-inoculated animals at 9, 28, and 42 days pi in comparison with DENA-treated controls, changes were not statistically significant (Table 11) . DISCUSSION The purpose of the study was to determine whether SDA, a disease in laboratory rats known to reduce salivary gland EGF during the convalescent period, would influence the initiation process in a liver carcinogenesis model. We used a model of hepatocyte initiation by necrogenic DENA, as used in many studies as an hepatocyte initiator (14, 20, 21, 34) . Active metabolites of DENA can alkylate hepatocyte DNA, resulting in phenotypic alterations when the liver is proliferating. These carcinogen-gener- ated, phenotypically-altered hepatocytes are considered to be initiated in the hepatocarcinogenic process (7). The placental isoenzyme glutathione S-transferase (GST-P or GST 7-7) is recognized as an appropriate marker protein for some preneoplastic or initiated cells in studies of chemical carcinogenesis in rats (19-2 1). Our findings indicate that this proliferation-dependent initiation response is not affected by SDA, even though the disease did cause a reduction in immunoreactive EGF in salivary glands. Based on immunohistochemistry, our study indicated that SDA reduced submandibular EGF for up to 42 days post-infection. Serum antibody levels were also reduced, but these changes. were not statistically significant. However, seniG concentrations of EGF are not likely to be a reliable indication of the amount of EGF reaching hepatocytes, because high affinity EGF receptors on hepatocytes are involved in rapid EGF clearance by receptor-mediated endocytosis (32). These results would suggest that either the salivary EGF has no significant influence on hepatocyte regeneration after DENA-induced necrosis, or that the changes produced by SDA were insufficient to alter the rate of initiation by DENA. A physiologic role for salivary EGF has not been clearly. established. EGF does augment hepatocyte proliferation in hepatic regeneration in rats in vivo (2) and in vitro, especially in primary culture (32). EGF is located primarily in the granular convoluted tubule (GCT) epithelial cells of the submandibular salivary glands of mice and rats (1, 8, 15) . EGF appears to be released primarily by salivary gland secretions and may be absorbed from the gut by receptor-mediated endocytosis, but there is controversy on this aspect (33). The mitogenic effects of EGF on hepatocytes have been demonstrated both in vitro and in vivo (2, 18) , and similar effects have been,seen in cultured mouse mammary epithelial cells:keratinocytes, fibroblasts, and other cells (22, 26). EGF has important effects on growth and function of various other tissues. The removal of submandibular salivary glands in mice has resulted in a marked reduction in the incidence of spontaneous mammary tumors. Conversely, the administration of EGF to sialoadenectomized mice caused a marked increase in mammary tumorigenesis (1 1). The administration of EGF also has increased the success rate of transplanted mammary tumors in nude mice (29). Another consideration in these studies was the Antibodies to SDA virus have been found in up to 75% of colonies of tested laboratory rats (4, 12), which indicates that the disease is relatively common in research facilities. SDA also may occur as a subclinical infection (6). Complications include ocular damage, respiratory tract lesions, and reproductive disorders (9, 30). We have shown that infection with SDA virus causes a marked depletion of EGF in the salivary gland during the convalescent stages of the disease in a previous study. Theareduction was most pronounced at 8-10 days postinoculation. The depletion of EGF in salivary glands demonstrated by immunohistochemistry in these animals was also confirmed by quantitative analysis (1 6). The demonstrated effects of EGF on a variety of processes, including carcinogenesis, was the stimulus for this study of the effects of SDA virus infection on chemically-initiated hepatocytes. Based on this model, SDA does not appear to have a significant effect on the initiation phase of hepatocar- Uninoculated DENA-treated controls EGF was assayed by competitive radioreceptor binding assay for ligands that bind EGFRs from human A431 cells. EGF concentrations represent EGFR binding ligands expressed as equivalent concentrations of EGF.
*Geometric mean f average geometric standard deviation.
* Not significantly different from control using protected least significant difference test.
Number of animals evaluated in parentheses.
cinogenesis in the rat. However, in view of the diverse actions of EGF on various cell processes, additional studies, such as the effect of EGF depletion on experimental mammary carcinogenesis, may be warranted.
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